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(57) ABSTRACT 
There is provided a semiconductor laser device having on a 
single substrate a plurality of laser portions each oscillating 
laser light of a different Wavelength, the plurality of laser 
portions containing different types, respectively, of dopant. 
There is also provided a method of fabricating a sernicon 
ductor laser device, forming on a single substrate a plurality 
of laser portions each oscillating laser light of a different 
Wavelength, initially forming a laser portion in a crystal 
groWth method and subsequently forrning another laser 
portion in a different crystal groWth method. 
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SEMICONDUCTOR LASER DEVICE AND 
METHOD OF FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to semicon 
ductor laser devices and methods of fabricating the same and 
particularly to monolithic semiconductor laser devices used 
as a source of light for optical discs of different standards 
and methods of fabricating the same. 

[0003] 2. Description of Related Art 

[0004] In recent years, recording media providing 
enhanced recording densities and reproduction devices 
therefor are increasingly developed. For example, the digital 
versatile disc (DVD) is increasingly used in a variety of 
areas as an optical disc capable of recording/reproducing 
motion images and an increasing demand therefor in future 
is eXpected. Recently, there is an increasing need by users 
for developing a drive device having a function also capable 
of recording/reproducing conventional compact discs 
(CDs). 
[0005] To implement this drive device there have been 
proposed a hybrid laser apparatus incorporating in a single 
package a red laser device of a Wavelength of the 600 nm 
band used to record/reproduce a DVD and an infrared laser 
device of a Wavelength of the 700 nm band used for a laser 
to record/reproduce a CD, and a monolithic laser device 
having tWo laser portions formed on a single substrate to 
oscillate red laser light of a Wavelength of the 600 nm band 
and infrared laser light of a Wavelength of the 700 nm band. 

[0006] If the hybrid laser apparatus is used for the drive 
device, hoWever, it is difficult to improve precision of a light 
emission point, Which is an important factor for optional 
pickup, since the tWo laser devices are incorporated in the 
single package. Thus, for the drive device, using a mono 
lithic laser device alloWing a highly controllable position of 
a light emission point is considered effective. 

[0007] FIG. 11 is a schematic perspective vieW of a 
conventional monolithic semiconductor laser device. In 
FIG. 11, a conventional monolithic semiconductor laser 
device 500 includes an infrared laser portion 502 having a 
double hetero structure for CDs and a red laser portion 503 
having a double hetero structure for DVDs for a total of tWo 
laser portions. Conventional monolithic semiconductor laser 
device 500 is fabricated as folloWs: With reference to FIG. 
12, initially to form red laser portion 503 an AlGaInP based 
semiconductor layer is groWn. Then outside the groWth 
furnace the AlGaInP based semiconductor layer that has 
groWn in a region other than that to be provided With red 
laser portion 503 is etched aWay and subsequently to form 
infrared laser portion 502 an AlGaAs based semiconductor 
layer is groWn, for example. Herein, the laser portions are 
both formed by metal-organic chemical vapor deposition 
(MOCVD) and have p type dopant of Zinc (Zn) introduced 
therein. 

[0008] In the conventional monolithic semiconductor laser 
device, hoWever, the laser portion’s light emission efficiency 
can decrease, and in a current-voltage characteristic an 
abnormality can be caused or a similarly impaired laser 
characteristic can be provided. In monolithic semiconductor 
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laser devices, in particular, if one laser portion eXhibits a 
poor laser characteristic and the other laser portions present 
a satisfactory characteristic the entirety of the semiconductor 
laser device still Would be regarded as defective, resulting in 
decreased production yields. 

SUMMARY OF THE INVENTION 

[0009] Accordingly in vieW of the above circumstance the 
present invention contemplates a semiconductor laser device 
alloWing a laser portion to have a satisfactory laser charac 
teristic to provide increased production yield and a method 
of fabricating the same. 

[0010] The present invention is a semiconductor laser 
device having on a single substrate a plurality of laser 
portions each oscillating laser light of a different Wave 
length, Wherein the plurality of laser portions contain dif 
ferent types, respectively, of dopant. 

[0011] The present semiconductor laser device alloWs p 
type dopant to vary in type for different laser portions. 

[0012] In that case preferably one laser portion contains p 
type dopant of Zinc (Zn), carbon (C) or magnesium (Mg) and 
another laser portion contains p type dopant of beryllium 
(Be). 
[0013] Furthermore in the present semiconductor laser 
device preferably one laser portion is formed mainly of an 
AlGaAs based crystal and another laser portion is formed 
mainly of an AlGaInP based crystal. 

[0014] Furthermore the present invention is a method of 
fabricating a semiconductor laser device, forming on a 
single substrate a plurality of laser portions each oscillating 
laser light of a different Wavelength, Wherein a laser portion 
previously formed and a laser portion subsequently formed 
are formed by different crystal groWth methods, respec 
tively. 

[0015] In the present method one of the crystal groWth 
methods employed to form the laser portions can be metal 
organic chemical vapor deposition (MOCVD). 

[0016] Furthermore in the present method one of the 
crystal groWth methods employed to form the laser portions 
can be molecular beam epitaXy (MBE). 

[0017] In that case for the laser portion previously formed 
a crystal can be groWn by MBE. 

[0018] Furthermore in that case preferably the laser por 
tion previously formed contains p type dopant having a 
diffusion coefficient smaller than that of p type dopant in the 
laser portion subsequently formed. 

[0019] Furthermore in that case preferably the laser por 
tion previously formed contains p type dopant of beryllium. 

[0020] Furthermore in that case preferably the laser por 
tion subsequently formed contains p type dopant of one of 
Zinc, carbon or magnesium. 

[0021] Furthermore in the present method maXimum and 
minimum temperatures of the substrate in groWing a crystal 
for the laser portion previously formed can respectively be 
higher than those of the substrate in groWing a crystal for the 
laser portion subsequently formed. 
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[0022] Preferably the minimum temperature of the sub 
strate in growing the crystal for the laser portion previously 
formed is higher than the maXimum temperature of the 
substrate in groWing the crystal for the laser portion subse 
quently formed. 

[0023] Furthermore in those cases preferably for the laser 
portion previously formed a crystal is groWn by metal 
organic chemical vapor deposition. 

[0024] Furthermore in those cases preferably the laser 
portion previously formed contains p type dopant having a 
diffusion coef?cient smaller than that of p type dopant in the 
laser portion subsequently formed. 

[0025] Furthermore in the present method the laser portion 
previously formed can also contain p type dopant of one of 
Zinc, carbon or magnesium. 

[0026] Preferably the laser portion subsequently formed 
contains p type dopant of beryllium. 

[0027] Furthermore in the present method the laser portion 
previously formed can be formed mainly of an AlGaAs 
based crystal and the laser portion subsequently formed can 
be formed mainly of an AlGaInP based crystal. 

[0028] Furthermore in the present method the laser portion 
previously formed can be formed mainly of an AlGaInP 
based crystal and the laser portion subsequently formed can 
be formed mainly of an AlGaAs based crystal. 

[0029] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 
[0031] FIG. 1 is a schematic perspective vieW of a semi 
conductor laser device of a ?rst embodiment; 

In the draWings: 

[0032] FIGS. 2A-2F are schematic cross sections illustrat 
ing a process for fabricating the semiconductor laser device 
of the ?rst embodiment; 

[0033] FIG. 3 represents a relationship betWeen time and 
a substrate’s temperature in the process for fabricating the 
semiconductor laser device of the ?rst embodiment; 

[0034] FIGS. 4A-4F are schematic cross sections illustrat 
ing a process for fabricating the semiconductor laser device 
of a second embodiment; 

[0035] FIG. 5 represents a relationship betWeen time and 
a substrate’s temperature in the process for fabricating the 
semiconductor laser device of the second embodiment; 

[0036] FIG. 6 is a schematic, perspective vieW of the 
semiconductor laser device of a third embodiment; 

[0037] FIGS. 7A-7F are schematic cross sections illustrat 
ing a process for fabricating the semiconductor laser device 
of the third embodiment; 

[0038] FIG. 8 represents a relationship betWeen time and 
a substrate’s temperature in the process for fabricating the 
semiconductor laser device of the third embodiment; 
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[0039] FIGS. 9A-9F are schematic cross sections illustrat 
ing a process for fabricating the semiconductor laser device 
of a fourth embodiment; 

[0040] FIG. 10 represents a relationship betWeen time and 
a substrate’s temperature in the process for fabricating the 
semiconductor laser device of the fourth embodiment; 

[0041] FIG. 11 is a schematic, perspective vieW of a 
conventional semiconductor laser device; and 

[0042] FIG. 12 represents a relationship betWeen time at 
a substrate’s temperature in a process for fabricating the 
conventional semiconductor laser device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0043] In fabricating a monolithic semiconductor laser 
device having a plurality of laser portions a laser portion that 
is formed previously (hereinafter referred to as a “?rst laser 
portion”) is again heated When a laser portion that is 
subsequently formed (hereinafter referred to as a “second 
laser portion”) is groWn. 

[0044] In general, these laser portions are formed by 
MOCVD. MOCVD, hoWever, requires that a substrate have 
a relatively high temperature. Accordingly, as the ?rst laser 
portion is again heated in forming the second laser portion, 
Zn, C or a similar p type dopant that readily diffuse that is 
contained in the ?rst laser portion Would leap out of the ?rst 
laser portion’s p type semiconductor layer, diffusing as far as 
an active layer and an n type semiconductor layer. Generally, 
a dopant concentration in a semiconductor layer is precisely 
designed. If dopant diffuses into a different layer, as 
described above, the ?rst laser portion’s reduced light emis 
sion ef?ciency or a similarly impaired laser characteristic is 
unavoidable. The present inventors have found that such 
causes the ?rst laser portion’s reduced light emission ef? 
ciency and other, similarly impaired laser characteristics and 
hence reduced semiconductor laser production yields. 

[0045] Accordingly the present inventors considered that 
if in forming the second laser portion the ?rst laser portion 
again heated can be prevented from having its dopant 
diffusing Within the ?rst laser portion, the ?rst laser portion 
can have a satisfactory laser characteristic and as a result 
increased semiconductor laser device production yields can 
be provided. The present inventors have thus arrived at the 
present invention. 

[0046] The present invention is a semiconductor laser 
device in Which a plurality of laser portions formed on a 
single substrate contains different types, respectively, of 
dopant. Different types of dopant diffuses in a semiconduc 
tor layer differently. As such, if the ?rst laser portion has 
dopant of a small diffusion coef?cient introduced therein the 
?rst laser portion’s dopant diffusion can effectively be 
reduced. 

[0047] In that case as the ?rst laser portion’s p type dopant 
Be is preferably used and furthermore as the second laser 
portion’s p type dopant Zn, C or Mg is more preferably used, 
since Be, having a diffusion coef?cient smaller than Zn, C 
and Mg, can prevent the ?rst laser portion from having 
signi?cant diffusion, and these types of dopant also alloW a 
laser portion to have a more satisfactory laser characteristic. 
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[0048] Furthermore in this case preferably the ?rst laser 
portion is formed by molecular beam epitaxy (MBE) and 
furthermore, more preferably the second laser portion is 
formed by MOCVD. If the ?rst laser portion’s p type dopant 
is Be and a crystal is groWn by MBE, purity of source gas 
containing Be and other similar issues need not be 
addressed, and the dopant is congenial to the crystal groWth 
method, and the ?rst laser portion’s p type semiconductor 
layer can be more satisfactory. Furthermore if the second 
laser portion’s p type dopant is Zn, C or Mg and a crystal is 
groWn by MOCVD, the dopant is also congenial to the 
crystal groWth method, and the second laser portion’s p type 
semiconductor layer can further be satisfactory. 

[0049] Furthermore, the ?rst laser portion’s p type dopant 
can be Zn, C or Mg, and furthermore the second laser 
portion’s p type dopant can be Be. In that case, the ?rst laser 
portion Will have dopant of a larger diffusion coef?cient 
introduced therein. HoWever, by forming the second laser 
portion by a method capable of groWing a crystal With a 
substrate having a relatively loW temperature, the ?rst laser 
portion’s dopant diffusion can more effectively be reduced. 

[0050] Furthermore in this case preferably the ?rst laser 
portion is formed by MOCVD and furthermore, more pref 
erably the second laser portion is formed by MBE. If the ?rst 
laser portion’s p type dopant is Zn, C or Mg and a crystal is 
groWn by MOCVD, the dopant is congenial to the crystal 
groWth method, and the ?rst laser portion’s p type semicon 
ductor layer can be more satisfactory. Furthermore if the 
second laser portion’s p type dopant is Be and a crystal is 
groWn by MBE, the dopant is also congenial to the crystal 
groWth method, and the second laser portion’s p type 
semiconductor layer can further be satisfactory. 

[0051] Furthermore, preferably one of the ?rst and second 
laser portions is formed mainly of an AlGaAs based crystal 
and the other laser portion is formed mainly of an AlGaInP 
based crystal, since the laser portion formed mainly of an 
AlGaAs based crystal oscillates infrared laser light of a 
Wavelength of the 700 nm band to the 800 nm band, Which 
is suitable for recording/reproducing CDs, and the laser 
portion formed mainly of an AlGaInP based crystal oscil 
lates red laser light of a Wavelength of the 600 nm band, 
Which is suitable for recording/reproducing DVDs. Note that 
throughout the speci?cation an “AlGaAs based crystal” 
refers to a crystal mainly containing aluminum (Al), gallium 
(Ga) and arsenic and an “AlGaInP based crystal” refers 
to a crystal mainly containing aluminum (Al), gallium (Ga), 
indium (In) and phosphorus 

[0052] Furthermore the present invention is a method of 
fabricating a semiconductor laser device that forms ?rst and 
second laser portions by different crystal groWth methods, 
respectively. More speci?cally, the second laser portion can 
be formed by a method capable of groWing a crystal With a 
substrate having a relatively loW temperature to effectively 
reduce the ?rst laser’s dopant diffusion. For example, the 
?rst laser portion can be formed by MOCVD alloWing 
crystal groWth With a substrate having a relatively high 
temperature and the second laser portion can be formed by 
MBE alloWing crystal groWth With the substrate having a 
relatively loW temperature to effectively reduce the ?rst laser 
portion’s dopant diffusion. 

[0053] In particular, preferably the substrate’s maximum 
temperature in the ?rst laser portion’s crystal groWth is 
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higher than that in the second laser portion’s crystal groWth 
and the substrate’s minimum temperature in the ?rst laser 
portion’s crystal groWth is higher than that in the second 
laser portion’s crystal groWth. Furthermore more preferably 
the substrate’s minimum temperature in the ?rst laser por 
tion’s crystal groWth is higher than the substrate’s maximum 
temperature in the second laser portion’s crystal groWth. 
Furthermore in the above more preferably the ?rst laser 
portion contains p type dopant having a diffusion coef?cient 
smaller than that of p type dopant in the second laser portion. 
These cases tend to alloW the ?rst laser portion to have a 
higher performance laser characteristic. 

[0054] Furthermore, the ?rst laser portion can be formed 
by a method alloWing crystal groWth With a substrate having 
a relatively loW temperature and the second laser portion can 
be formed by a method alloWing crystal groWth With the 
substrate having a relatively high temperature, although this 
entails introducing as the ?rst laser portion’s dopant Be or a 
similar dopant having a small diffusion coef?cient to reduce 
the ?rst laser portion’s dopant diffusion. 

[0055] Furthermore the substrate’s temperature suitable 
for crystal groWth depends on the method of crystal groWth 
of interest. For example, When MOCVD is employed to 
groW a crystal the substrate preferably has a temperature of 
no less than 600° C. to no more than 800° C., more 
preferably no less than 640° C. to no more than 800° C. 
When MBE is employed to groW a crystal the substrate 
preferably has a temperature of no less than 400° C. to less 
than 600° C., more preferably no less than 450° C. to less 
than 600° C. 

[0056] First Embodiment 

[0057] With reference to FIG. 1, initially an infrared laser 
portion 102 formed mainly of an AlGaAs based crystal (for 
CDs) (With p type dopant of Zn) is formed by MOCVD and 
then a red laser portion 103 formed mainly of an AlGaInP 
based crystal (for DVDs) (With p type dopant of Be) is 
formed by MBE to provide a semiconductor laser device 
100, shoWn in a schematic perspective vieW. 

[0058] Semiconductor laser device 100 is fabricated as 
folloWs: initially, as shoWn in FIG. 2A, on an n type GaAs 
substrate 101 MOCVD is employed to groW in order a Si 
doped (dopant concentration: 1><1018 cm_3), n type GaAs 
buffer layer 104a having a thickness of 0.5 pm, a Si doped 
(dopant concentration: 1><1018 cm_3), n type AlGaAs clad 
layer 105a having a thickness of 1.5 pm, an active layer 
106a having a quantum Well structure, a Zn doped (dopant 
concentration: 2><1018 cm_3), p type AlGaAs clad layer 107a 
having a thickness of 1.5 pm, and a Zn doped (dopant 
concentration: 5><1018 cm_3), p type GaAs cap layer 108a 
having a thickness of 0.5 pm. Note that active layer 106a is 
formed of a Well layer and a barrier layer deposited alter 
nately. For example, three nondoped GaAs Well layers each 
having a thickness of 10 nm and four nondoped AlGaAs 
barrier layers each having a thickness of 10 nm are deposited 
such that one type of layer is deposited on the other type of 
layer. Note that the above semiconductor layers are groWn 
under a condition alloWing the substrate to have a tempera 
ture of no less than 600° C. to no more than 800° C. 

[0059] Then, With reference to FIG. 2B, outside the 
groWth furnace the semiconductor layers thus groWn are 
partially etched aWay to partially expose a surface of sub 
strate 101. 
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[0060] Then, as shown in FIG. 2C, MBE is employed to 
groW18on substrate 101 a Si doped (dopant concentration: 
1><10 cm_3), n type GaAs buffer layer 104b having a 
thickngess of 0.5 Km, a Si doped (dopant concentration: 
1><10 cm_3), n type AlGaInP clad layer 105b having a 
thickness of 1.5 pm, an active layer 106b having a quantum 
Well structure, a Be doped (dopant concentration: 2><1018 
cm_3), p type AlGaInP clad layer 107b having a thickness of 
1.5 pm, and a Be doped (dopant concentration: 5><1018 
cm_3), p type GaAs cap layer 101% having a thickness of 0.5 
pm, in order. Note that active layer 106b is formed of a Well 
layer and a barrier layer deposited alternately. For example, 
three nondoped GaInP Well layers each having a thickness of 
10 nm and four nondoped AlGaInP barrier layers each 
having a thickness of 10 nm are deposited such that one type 
of layer is deposited on the other type of layer. Note that the 
semiconductor layers are groWn under a condition alloWing 
the substrate to have a temperature of no less than 400° C. 
to less than 600° C. 

[0061] Then, as shoWn in FIG. 2D, again on substrate 101 
the semiconductor layers are partially etched aWay to par 
tially eXpose a surface of substrate 101. 

[0062] Then, as shoWn in FIG. 2E, clad layer 107a and 
cap layer 108a, and clad layer 107b and cap layer 101% are 
partially etched aWay to form ridges Rs1 and Rs2. 

[0063] Then, as shoWn in FIG. 2F, to prevent a current 
from ?oWing in from other than ridges Rs1 and Rs2, an 
insulation ?lm 109 of silicon nitride is provided, on ridges 
Rs1 and Rs2 insulation ?lm 109 is partially removed, and p 
type electrodes 110a, 110b are then formed. P type elec 
trodes 110a, 110b are formed for eXample of an AuZn layer, 
a Mo layer and an Au layer deposited in order. More 
speci?cally, the electrodes are formed by partially etching 
aWay the metal layers for the p type electrodes to prevent 
short circuit betWeen the tWo laser portions. Furthermore, an 
n type electrode 111 is provided on substrate 101 at a back 
surface, i.e., a surface opposite to that for crystal groWth. N 
type electrode 111 is formed for eXample of an AuGe layer, 
a Ni layer, a Mo layer and an Au layer deposited in order. 

[0064] As shoWn in FIG. 3, in the ?rst embodiment, 
initially a laser portion for CDs is formed by MOCVD and 
subsequently that for DVDs is formed by MBE With the 
substrate having a loWer temperature. This, as compared 
With forming both laser portions by MOCVD With the 
substrate having a high temperature, as conventional, can 
reduce diffusion of Zn corresponding to p type dopant in the 
laser portion for CDs. The semiconductor laser device’s 
threshold current, operating current and the like can be 
reduced, providing increased light emission ef?ciency. 

[0065] Second Embodiment 

[0066] In a second embodiment a semiconductor laser 
device having the same structure as that in the ?rst embodi 
ment shoWn in FIG. 1 is fabricated by a method different 
from that employed in the ?rst embodiment. 

[0067] The second embodiment is characteriZed in that a 
laser portion (With p type dopant of Be) for DVDs is initially 
formed by MBE and a laser portion (With p type dopant of 
Zn) for CDs is then formed by MOCVD. 

[0068] More speci?cally, initially With reference to FIG. 
4A, on an n type GaAs substrate 201 MBE is employed to 
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groW in order a Si doped (dopant concentration: 1><1018 
cm_3), n type GaAs buffer layer 204b having a thickness of 
0.5 pm, a Si doped (dopant concentration: 1><1018 cm_3), n 
type AlGaInP clad layer 205b having a thickness of 1.5 pm, 
an active layer 206b having a quantum Well structure, a Be 
doped (dopant concentration: 2><1018 cm_3), p type AlGaInP 
clad layer 207b having a thickness of 1.5 tom, and a Be 
doped (dopant concentration: 5><1018 cm_3), p type GaAs 
cap layer 201% having a thickness of 0.5 pm. Note that active 
layer 206b is formed of a Well layer and a barrier layer 
deposited alternately. For eXample, three nondoped GaInP 
Well layers each having a thickness of 10 nm and four 
nondoped AlGaInP barrier layers each having a thickness of 
10 nm are deposited such-that one type of layer is deposited 
on the other type of layer. Note that the above semiconductor 
layers are groWn under a condition alloWing the substrate to 
have a temperature of no less than 400° C. to less than 600° 
C. 

[0069] Then, With reference to FIG. 4B, outside the 
groWth furnace the semiconductor layers thus groWn are 
partially etched aWay to partially eXpose a surface of sub 
strate 201. 

[0070] Then, as shoWn in FIG. 4C, MOCVD is employed 
to groW on substrate 201 a Si doped (dopant concentration: 
1><1018 cm_3), n type GaAs buffer layer 204a having a 
thickngess of 0.5 tom, a Si doped (dopant concentration: 
1><10 cm_3), n type AlGaAs clad layer 205a having a 
thickness of 1.5 pm, an active layer 206a having a quantum 
Well structure, a Zn doped (dopant concentration: 2><1018 
cm_3), p type AlGaAs clad layer 207a having a thickness of 
1.5 pm, and a Zn doped (dopant concentration: 5><1018 
cm_3), p type GaAs cap layer 208a having a thickness of 0.5 
pm, in order. Note that active layer 206a is formed of a Well 
layer and a barrier layer deposited alternately. For eXample, 
three nondoped GaAs Well layers each having a thickness of 
10 nm and four nondoped AlGaAs barrier layers each having 
a thickness of 10 nm are deposited such that one type of 
layer is deposited on the other type of layer. Note that the 
semiconductor layers are groWn under a condition alloWing 
the substrate to have a temperature of no less than 600° C. 
to no more than 800° C. 

[0071] Then, as shoWn in FIG. 4D, again on substrate 201 
the semiconductor layers are partially etched aWay to par 
tially eXpose a surface of substrate 201. 

[0072] Then, as shoWn in FIG. 4E, clad layer 207a and 
cap layer 208a, and clad layer 207b and cap layer 201% are 
partially etched aWay to form ridges Rs3 and Rs4. 

[0073] Then, as shoWn in FIG. 4F, to prevent a current 
from ?oWing in from other than ridges Rs3 and Rs4, an 
insulation ?lm 209 of silicon nitride is provided, on ridges 
Rs3 and Rs4 insulation ?lm 209 is partially removed, and p 
type electrodes 210a, 210b are then formed. P type elec 
trodes 210a, 210b are formed for eXample of an AuZn layer, 
a Mo layer and an Au layer deposited in order. More 
speci?cally, the electrodes are formed by partially etching 
aWay the metal layers for the p type electrodes to prevent 
short circuit betWeen the tWo laser portions. Furthermore, an 
n type electrode 211 is provided on substrate 201 at a back 
surface, i.e., a surface opposite to that for crystal groWth. N 
type electrode 211 is formed for eXample of an AuGe layer, 
a Ni layer, a Mo layer and an Au layer deposited in order. 

[0074] As shoWn in FIG. 5, in the second embodiment 
When the laser portion for CDs is subsequently formed the 
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substrate has a temperature higher than When the laser 
portion for DVDs is initially formed. However, as the 
initially formed laser portion for DVDs has p type dopant 
having a small diffusion coefficient, Be, introduced therein, 
the dopant’s diffusion can be reduced. This, as compared 
With doping the laser portions With p type dopant of Zn, as 
conventional, can reduce the semiconductor laser device’s 
threshold current, operating current and the like, providing 
increased light emission ef?ciency. 
[0075] Third Embodiment 
[0076] With reference to FIG. 6, initially an infrared laser 
portion 302 formed mainly of an AlGaAs based crystal (for 
CDs) (With p type dopant of Be) is formed by MBE and then 
a red laser portion 303 formed mainly of an AlGaInP based 
crystal (for DVDs) (With p type dopant of Zn) is formed by 
MOCVD to provide a semiconductor laser device 300, 
shoWn in a schematic perspective vieW. 

[0077] Semiconductor laser device 300 is fabricated as 
folloWs: initially, as shoWn in FIG. 7A, on an n type GaAs 
substrate 301 MBE is employed to groW in order a Si doped 
(dopant concentration: 1><1018 cm_3), n type GaAs buffer 
layer 304a having a thickness of 0.5 pm, a Si doped (dopant 
concentration: 1><1018 cm'3 , n type AlGaAs clad layer 305a 
having a thickness of 1.5 pm, an active layer 306a having a 
quantum Well structure, a Be doped (dopant concentration: 
2><1018 cm_3), p type AlGaAs clad layer 307a having a 
thickness of 1.5 pm, and a Be doped (dopant concentration: 
5><1018 cm_3), p type GaAs cap layer 308a having a thick 
ness of 0.5 pm. Note that active layer 306a is formed of a 
Well layer and a barrier layer deposited alternately. For 
eXample, three nondoped GaAs Well layers each having a 
thickness of 10 nm and four nondoped AlGaAs barrier layers 
each having a thickness of 10 nm are deposited such that one 
type of layer is deposited on the other type of layer. Note that 
the above semiconductor layers are groWn under a condition 
alloWing the substrate to have a temperature of no less than 
500° C. to less than 640° C. 

[0078] Then, With reference to FIG. 7B, outside the 
groWth furnace the semiconductor layers thus groWn are 
partially etched aWay to partially eXpose a surface of sub 
strate 301. 

[0079] Then, as shoWn in FIG. 7C, MOCVD is employed 
to groW on substrate 301 a Si doped (dopant concentration: 
1><1018 cm_3), n type GaAs buffer layer 304b having a 
thickngess of 0.5 pm, a Si doped (dopant concentration: 
1><10 cm_3), n type AlGaInP clad layer 305b having a 
thickness of 1.5 pm, an active layer 306b having a quantum 
Well structure, a Zn doped (dopant concentration: 2><1018 
cm_3), p type AlGaInP clad layer 307b having a thickness of 
1.5 pm, and a Zn doped (dopant concentration: 5><1018 
cm_3), p type GaAs cap layer, 308b having a thickness of 0.5 
pm, in order. Note that active layer 306b is formed of a Well 
layer and a barrier layer deposited alternately. For eXample, 
three nondoped GaInP Well layers each having a thickness of 
10 nm and four nondoped AlGaInP barrier layers each 
having a thickness of 10 nm are deposited such that one type 
of layer is deposited on the other type of layer. Note that the 
semiconductor layers are groWn under a condition alloWing 
the substrate to have a temperature of no less than 640° C. 
to no more than 800° C. 

[0080] Then, as shoWn in FIG. 7D, again on substrate 301 
the semiconductor layers are partially etched aWay to par 
tially eXpose a surface of substrate 301. 
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[0081] Then, as shoWn in FIG. 7E, clad layer 307a and 
cap layer 308a, and clad layer 307b and cap layer 308b are 
partially etched aWay to form ridges Rs5 and Rs6. 

[0082] Then, as shoWn in FIG. 7F, to prevent a current 
from ?oWing in from other than ridges Rs5 and Rs6, an 
insulation ?lm 309 of silicon nitride is provided, on ridges 
Rs5 and Rs6 insulation ?lm 309 is partially removed, and p 
type electrodes 310a, 310b are then formed. P-type elec 
trodes 310a, 310b are formed for eXample of an AuZn layer, 
a Mo layer and an Au layer deposited in order. More 
speci?cally, the electrodes are formed by partially etching 
aWay the metal layers for the p type electrodes to prevent 
short circuit betWeen the tWo laser portions. Furthermore, an 
n type electrode 311 is provided on substrate 301 at a back 
surface, i.e., a surface opposite to that for crystal groWth. N 
type electrode 311 is formed for eXample of an AuGe layer, 
a Ni layer, a Mo layer and an Au layer deposited in order. 

[0083] As shoWn in FIG. 8, in the third embodiment When 
the laser portion for DVDs is subsequently formed the 
substrate has a temperature higher than When the laser 
portion for CDs is initially formed. HoWever, as the initially 
formed laser portion for CDs has p type dopant having a 
small diffusion coef?cient, Be, introduced therein, the 
dopant’s diffusion can be reduced. This, as compared With 
doping the laser portions With p type dopant of Zn, as 
conventional, can reduce the semiconductor laser device’s 
threshold current, operating current and the like, providing 
increased light emission ef?ciency. 

[0084] Fourth Embodiment 

[0085] In a fourth embodiment a semiconductor laser 
device having the same structure as that in the third embodi 
ment shoWn in FIG. 6 is fabricated by a method different 
from that employed in the third embodiment. 

[0086] The fourth embodiment is characteriZed in that a 
laser portion (With p type dopant of Zn) for DVDs is initially 
formed by MOCVD and a laser portion (With p type dopant 
of Be) for CDs is then formed by MBE. 

[0087] More speci?cally, initially With reference to FIG. 
9A, on an n type GaAs substrate 401 MOCVD is employed 
to groW in order a Si doped (dopant concentration: 1><1018 
cm_3), n type GaAs buffer layer 404b having a thickness of 
0.5 pm, a Si doped (dopant concentration: 1><1018 cm_3), n 
type AlGaInP clad layer 405b having a thickness of 1.5 pm, 
an active layer 406b having a quantum Well structure, a Zn 
doped (dopant concentration: 2><1018 cm_3), p type AlGaInP 
clad layer 407b having a thickness of 1.5 pm, and a Zn doped 
(dopant concentration: 5><1018 cm_3), p type GaAs cap layer 
408b having a thickness of 0.5 pm. Note that active layer 
406b is formed of a Well layer and a barrier layer deposited 
alternately. For eXample, three nondoped GaInP Well layers 
each having a thickness of 10 nm and four nondoped 
AlGaInP barrier layers each having a thickness of 10 nm are 
deposited such that one type of layer is deposited on the 
other type of layer. Note that the above semiconductor layers 
are groWn under a condition alloWing the substrate to have 
a temperature of no less than 640° C. to no more than 800° 
C. 

[0088] Then, With reference to FIG. 9B, outside the 
groWth furnace the semiconductor layers thus groWn are 
partially etched aWay to partially eXpose a surface of sub 
strate 401. 
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[0089] Then, as shown in FIG. 9C, MBE is employed to 
groW18on substrate 401 a Si doped (dopant concentration: 
1x10 cm_3), n type GaAs buffer layer 404a having a 
thickngess of 0.5 pm, a Si doped (dopant concentration: 
1x10 cm_3), n type AlGaAs clad layer 405a having a 
thickness of 1.5 pm, an active layer 406a having a quantum 
Well structure, a Be doped (dopant concentration: 2x1018 
cm_3), p type AlGaAs clad layer 407a having a thickness of 
1.5 pm, and a Be doped (dopant concentration: 5><1018 
cm_3), p type GaAs cap layer 408a having a thickness of 0.5 
pm, in order. Note that active layer 406a is formed of a Well 
layer and a barrier layer deposited alternately. For example, 
three nondoped GaAs Well layers each having a thickness of 
10 nm and four nondoped AlGaAs barrier layers each having 
a thickness of 10 nm are deposited such that one type of 
layer is deposited on the other type of layer. Note that the 
semiconductor layers are groWn under a condition alloWing 
the substrate to have a temperature of no less than 500° C. 
to less than 640° C. The DVD laser portion’s Zn diffusion 
can thus be reduced. 

[0090] Then, as shoWn in FIG. 9D, again on substrate 401 
the semiconductor layers are partially etched aWay to par 
tially eXpose a surface of substrate 401. 

[0091] Then, as shoWn in FIG. 9E, clad layer 407a and 
cap layer 408a, and clad layer 407b and cap layer 408b are 
partially etched aWay to form ridges Rs7 and Rs8. 

[0092] Then, as shoWn in FIG. 9F, to prevent a current 
from flowing in from other than ridges Rs7 and Rs8, an 
insulation ?lm 409 of silicon nitride is provided, on ridges 
Rs7 and Rs8 insulation ?lm 409 is partially removed, and p 
type electrodes 410a, 410b are then formed. P type elec 
trodes 410a, 410b are formed for eXample of an AuZn layer, 
a Mo layer and an Au layer deposited in order. More 
speci?cally, the electrodes are formed by partially etching 
aWay the metal layers for the p type electrodes to prevent 
short circuit betWeen the tWo laser portions. Furthermore, an 
n type electrode 411 is provided on substrate 401 at a back 
surface, i.e., a surface opposite to that for crystal groWth. N 
type electrode 411 is formed for eXample of an AuGe layer, 
a Ni layer, a Mo layer and an Au layer deposited in order. 

[0093] As shoWn in FIG. 10, in the fourth embodiment, 
initially a laser portion for DVDs is formed by MOCVD and 
subsequently that for CDs is formed by MBE With the 
substrate having a loWer temperature. This, as compared 
With forming both laser portions by MOCVD With the 
substrate having a high temperature, as conventional, can 
reduce diffusion of Zn in the laser portion for DVDs. The 
semiconductor laser device’s threshold current, operating 
current and the like can be reduced, providing increased 
light emission efficiency. 

[0094] Note that While the ?rst to fourth embodiments 
employ p type dopant of Zn, it may be replaced With C or 
Mg. 

[0095] Furthermore While the ?rst to fourth embodiments 
employ a Waveguide structure provided by a ridge 
Waveguide, a variation in indeX of refraction by ion injection 
may be utiliZed or the ridge may be sandWiched betWeen an 
embedded layer. 

[0096] Furthermore While the ?rst to fourth embodiments 
employ an n type GaAs substrate, an insulative substrate 
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may also be used if there is provided a structure alloWing a 
current to be introduced into an active layer. 

[0097] Furthermore While the ?rst to fourth embodiments 
provide on a single substrate a red laser portion for DVDs 
and an infrared laser portion for CDs for a total of tWo types 
of laser portions to provide a semiconductor laser device, a 
laser portion oscillating blue laser light or the like may also 
be provided on the same substrate to provide laser portions 
oscillating three or more types of laser light of different 
Wavelengths. 
[0098] The ?rst to fourth embodiments have been 
described in conjunction mainly With p type dopant. For n 
type dopant, from the fact that Si is used for both laser 
portions n type dopant diffusion is considered to be small, 
and p type dopant diffusion is a more important issue to be 
solved. 

[0099] Thus the present invention can provide a semicon 
ductor laser device alloWing a laser portion to have a 
satisfactory laser characteristic to provide increased produc 
tion yields, and a method of fabricating the same. 

[0100] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and eXample only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A semiconductor laser device having on a single 

substrate a plurality of laser portions each oscillating laser 
light of a different Wavelength, Wherein said plurality of 
laser portions contain different types, respectively, of 
dopant. 

2. The semiconductor laser device of claim 1, Wherein 
said dopant is p type dopant. 

3. The semiconductor laser device of claim 2, Wherein one 
laser portion contains p type dopant of one of Zinc, carbon 
or magnesium and another laser portion contains p type 
dopant of beryllium. 

4. The semiconductor laser device of claim 1, Wherein one 
laser portion is formed mainly of an AlGaAs based crystal 
and another laser portion is formed mainly of an AlGaInP 
based crystal. 

5. A method of fabricating a semiconductor laser device, 
forming on a single substrate a plurality of laser portions 
each oscillating laser light of a different Wavelength, 
Wherein a laser portion previously formed and a laser 
portion subsequently formed are formed by different crystal 
groWth methods, respectively. 

6. The method of claim 5, Wherein one of the crystal 
groWth methods is metal-organic chemical vapor deposition. 

7. The method of claim 6, Wherein one of the crystal 
groWth methods is molecular beam epitaXy. 

8. The method of claim 7, the laser portion previously 
formed is groWn by molecular beam epitaxy. 

9. The method of claim 8, Wherein the laser portion 
previously formed contains p type dopant having a diffusion 
coef?cient smaller than that of p type dopant the laser 
portion subsequently formed. 

10. The method of claim 9, Wherein the laser portion 
previously formed contains p type dopant of beryllium. 
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11. The method of claim 10, wherein the laser portion 
subsequently formed contains p type dopant of one of Zinc, 
carbon or magnesium. 

12. The method of claim 5, Wherein maXimum and 
minimum temperatures of a substrate in growing a crystal 
for the laser portion previously formed is respectively higher 
than those of the substrate in groWing a crystal for the laser 
portion subsequently formed. 

13. The method of claim 12, Wherein the minimum 
temperature of the substrate in groWing the crystal for the 
laser portion previously formed is higher than the maXimum 
temperature of the substrate in groWing the crystal for the 
laser portion subsequently formed. 

14. The method of claim 12, Wherein for the laser portion 
previously formed a crystal is groWn by metal-organic 
chemical vapor deposition. 

15. The method of claim 12, Wherein the laser portion 
previously formed contains p type dopant having a diffusion 
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coef?cient smaller than that of p type dopant in the laser 
portion subsequently formed. 

16. The method of claim 12, Wherein the laser portion 
previously formed contains p type dopant of one of Zinc, 
carbon or magnesium. 

17. The method of claim 16, Wherein the laser portion 
subsequently formed contains p type dopant of beryllium. 

18. The method of claim 5, Wherein the laser portion 
previously formed is formed mainly of an AlGaAs based 
crystal and the laser portion subsequently formed is formed 
mainly of an AlGaInP based crystal. 

19. The method of claim 5, Wherein the laser portion 
previously formed is formed mainly of an AlGaInP based 
crystal and the laser portion subsequently formed is formed 
mainly of an AlGaAs based crystal. 


